Hypothesis-Studies were designed to ascertain the impact of chronic middle ear infection on the numerous ion and water channels, transporters and tissue remodeling genes in the inner and middle ear.
Introduction
Fluid accumulation in the middle ear (ME) in the setting of an infectious or inflammatory process is a common scenario faced in clinical otolaryngology practice. Otitis media with effusion is a common sequelae of acute otitis media and is one of the primary reasons for tympanostomy tube insertion in children. Otitis media with effusion causes several problems for the patient: conductive hearing loss (usually temporary), discomfort, possible speech and language delay and potential permanent conductive or sensorineural hearing loss. Although fluid in the ME is usually ascribed to Eustachian tube dysfunction on the basis of mucosal edema or inability of the middle ear to resorb fluid after an infection, fluid transport mechanisms have not been as well-studied as a source of the persistent fluid. Ion homeostasis genes are responsible for movement of ions and water in the various spaces in the inner ear and epithelium of the middle ear [1] [2] . To what extent ion homeostasis is a factor in the fluid accumulation seen in the middle ear with chronic otitis media (OM) is not well known. The impact of acute otitis media on tissue remodeling genes has been studied previously in our lab, showing altered expression of many of these genes in the middle ear 3 in the setting of acute otitis media. Evidence exists to support the role of matrix metalloproteinases in otitis media with effusion 4 and middle ear cholesteatomas 5 , with effect on bone deposition and as modulators of inflammation and innate immunity 6 .
Permanent sensorineural hearing loss is a significant problem in chronic middle ear disease. Temporal bones from patients with chronic otitis media often show significant inflammation in the cochlea . Temporal bone studies of patients with a history of otitis media have shown serofibrinous precipitates and inflammatory cells in the adjacent scala tympani of the cochlear basal turn and the cochlear aqueduct, significant loss of outer and inner hair cells, and significant decrease in the area of stria vascularis in the basal turn of the cochlea, compared to controls 10 . Audiometric studies of unilateral chronic otitis media has also shown a correlation with sensorineural hearing loss in the infected ear, when correcting for age and the contralateral normal ear 11 . The pathogeneses of the inner ear inflammation in chronic otitis media has been linked to the spiral ligament fibrocytes which release chemokines in response to otitis media pathogens 12 , in particular MCP-1/CCL2 (monocyte chemoattractant protein-1) 13 . Because the inner ear functions by maintaining a properly balanced ionic composition within the endolymph 14 , it was hypothesized that chronic inflammation may have an impact on these homeostatic processes. Maintenance of the blood-labyrinth barrier by ion channels is essential to the homeostasis of ion concentrations in the inner ear fluids. Ion channels are located in the inner ear in the stria vascularis, inner hair cells and outer hair cells and are the primary factors responsible for maintaining the electrical potential in the hair cells and thus hearing 15 . Ion channel disorders are characterized by leakage, disordered ion levels/inner ear ion homeostasis and hearing loss. Such disruption of ion channel function can be caused by various insults including circulating pathogens (as seen in chronic otitis media), autoantibodies, noise trauma and ototoxic drugs 16 . Thus, the C3H/HeJ chronic otitis media mouse model was selected for study of inner ear impact from chronic otitis media on ion homeostasis and tissue remodeling.
The role of tissue remodeling genes in the inner ear has not been previously studied. However, their role in angiogenesis (MMP, FGF), cell proliferation (MMP), bone and cartilage formation (BMP), would make them prime targets for tissue response to inflammation seen with chronic otitis. Therefore, studies were designed to ascertain the impact of chronic middle ear infection on the numerous junctional proteins, water channels, ion transporters and tissue remodeling genes in the middle and inner ear to determine potential mechanisms involved with tissue destruction and connective tissue proliferation that accompanies OM. Characterizing these reactive mechanisms in the inner ear would provide us with a greater understanding of disease processes that cause hearing loss and potentially lead to better targeted therapies to protect the ear and restore hearing. The C3H/ HeJ mouse is a model for chronic otitis media due to its gene defect in its cell surface Tolllike receptor (TLR) 4, the binding site for bacterial lipopolysaccharide (LPS) 17 . This renders it hyporesponsive to LPS endotoxin (lipid A) of gram-negative bacteria and suppresses initiation of the innate immune system response. The inability to respond to bacterial infections causes these mice to develop spontaneous otitis media with Klebsiella oxytoca, a gram negative bacterium 18 . C3H/HeJ mice develop spontaneous otitis media at a rate of 50% by age 6 months 19 . This leads to chronically inflamed middle ears that do not clear, often resulting in cochlear inflammation and sensorineural hearing loss 20 . In addition, the TLR4 polymorphism Asp299Gly has been shown to be associated with otitis-prone condition in human studies 21 and polymorphisms in the TLR4 gene (Asp299Gly and Thr300Gly) are present in 10% of the Caucasian population and have been shown to be associated with numbers health risks, i.e. gram negative sepsis, premature birth 22 . This mouse therefore offers a model in which to characterize the impact of chronic middle ear inflammation on key homeostatic mechanisms in the cochlea and middle ear.
Materials and Methods

Mouse Model
This study used the C3H/HeJ mouse model of otitis media to study expression of cytokine, ion transport and tissue remodeling genes in the setting of chronic middle ear inflammation. The ion homeostasis genes studied were selected for their known importance in the function of the inner ear and potential role in control of middle ear fluids during inflammation. The tissue remodeling genes chosen for this study were selected for their known role in otitis media with effusion, cholesteatoma and bone remodeling.
Middle Ear RNA Isolation
A total of 17 C3H/HeJ mice aged six months were examined under sedation with an otomicroscope and eight were identified with chronic OM. Nine uninfected C3H/HeJ mice were identified for non-inflamed middle ear assessment. Seven BALB/c mice with macroscopically clear middle ears were used as controls. Mice were euthanized, the bullae were harvested, and the inner ear tissues dissected off. Middle ear tissues harvested for analysis included ME mucosa, bulla walls, ossicles, ME muscles, and ME fluids but no cochlear tissues. The IE was dissected away so that only the cochlear wall common with the ME was left, thus minimizing IE components but leaving the ME wall of the IE intact, so all ME contents were preserved. Middle ears were stored in RNAlater (Ambion, Inc., Austin, TX) at −20° C until RNA was extracted. Tissue RNA was extracted with the Qiagen (Valencia, CA) RNeasy Mini Kit. Tissue was transferred to tubes with 600 μl of extraction buffer and homogenized with a PowerGen 125. RNA was quantified using a NanoDrop and all samples were made up to a concentration of at least 25 ng/μl.
Inner ear RNA Isolation
C3H/HeJ mice were examined under sedation with an otomicroscope. Six were identified with chronic OM and five were uninfected. Four uninfected Balb/c mice were used for controls. Mice were euthanized and inner ears were isolated and stored in RNAlater as above. Inner ear structures collected for analysis were all components of the periotic bone (membranous and bony labyrinth). This included the cochlear bony wall within the middle ear space. All ME components were thoroughly scraped and washed off this wall to prevent any ME factors from influencing inner ear results. Inner ears from four C3H/HeJ mice with chronic OM, four uninfected C3H/HeJ mice, and four control Balb/c mice were also euthanized and processed as above for inner ear tissue remodeling gene expression.
Quantitative RT-PCR Analyses
Following tissue harvest, middle ears and inner ears were separately homogenized and mRNA extracted for quantitative RT-PCR of key ion homeostasis, tissue remodeling, and inflammatory cytokine genes. Tissues were not grouped or pooled for analysis. Each sample was run once on each plate. PCR products from the infected mice were compared to uninfected BALB/c control mice. The method utilized custom PCR Arrays (RT 2 Profiler PCR Array System, SABiosciences Corp, Frederick, MD) already optimized for reaction conditions, primers, and probes. Our custom PCR Array plates measured expression of a total of 24 ion homeostasis genes with quantitative RT-PCR from the following gene families: Na + , K + -ATPase, tight junction claudins, K + transport channels, epithelial Na + channels, gap junctions, and aquaporins (Table 1 ). Additionally, eight cytokine genes were measured to assess the inflammatory state of the mouse middle ear and inner ear (Table 1) . Thirty-two genes for tissue remodeling were analyzed from the following gene families: bone morphogenetic protein (BMP), matrix metalloproteinases (MMP), fibroblast growth factor (FGF), fibroblast growth factor receptors (FGFR) and tumor necrosis factor receptor super family (TNFRSF) ( Table 1 ). Our customized RT-PCR plates from SABiosciences use their proprietary primer sequences that have been demonstrated to be specific for the genes under investigation.
Real-time RT-PCR studies used an ABI Step One Plus system (Carlsbad, CA). Total RNA (200 ng) was reverse-transcribed using RT 2 First Strand Kit (SABiosciences Corp, Frederick, MD) using the manufacturer's instructions. Then samples were prepared for Realtime PCR using the RT 2 Real-time SYBR Green/Rox PCR master mix. Thermal cycle condition was set as: 95° C for 10 min, then 40 cycles: 95° C for 15 sec, then 60° C 1 min, followed by a melt curve. Data analysis follows the suggestion of the manufacturer (SABiosciences PCR Array Data Analysis Web Portal). The parameter CT (threshold cycle) is defined as the fractional cycle number at which the reporter fluorescence generated by cleavage of the probe passes a fixed threshold above baseline. The fold change in gene expression was calculated using the ΔΔC t method 23 method with the aid of SABiosciences PCR Array Data Analysis Web Portal. The housekeeping gene used for this method was glyceraldehyde-3-phosphate dehydrogenase. Greater than two-fold expression was judged as significant upregulation, while less than half (<0.5x) expression was considered downregulated. Statistical analyses of PCR results follow those previous decribed 1 . As well, comparative Ct, or the ΔΔCt, method as described by Bookout et al 24 was used to calculate the standard error of the mean (SEM).
All animal procedures in the study were approved by the OHSU Institutional Animal Care and Use Committee, Protocol # ISO 966, P.I. Dennis Trune, PhD.
Results
MIDDLE EAR
Cytokine genes-All cytokine genes were significantly up-regulated (Table 2) in the infected C3H/HeJ mice with changes ranging from 7-to 4632-fold. MIP-1α and MIP-2 were upregulated at the highest levels ( Table 2) . Uninfected C3H/HeJ mice ears also had slightly elevated levels of cytokine genes although were at levels around two-fold increase compared to Balb/c controls ( Table 2 ). This confirms that an inflammatory state was present in the middle ears of the otoscopically-identified otitis study mice.
Ion Homeostasis genes
Down-regulation: Down-regulation was seen in some ion homeostasis gene families (Table  3) , including the Na + , K + -ATPase, potassium channel, and transmembrane protease serine 3 genes.
Up-regulation: Up-regulation was seen in a few ion homeostasis genes: claudins 3, 4, aquaporins 2, 3, and gap junction Gjb3 (Table 3 ). In the uninfected C3H/HeJ mice, several more ion homeostasis genes were upregulated including the sodium channel, chloride channel, claudins, gap junction and aquaporin families (Table 3) .
Tissue Remodeling Genes-Tissue remodeling results showed more upregulation than downregulation across all classes of tissue remodeling genes, most pronounced in the infected middle ear tissues. Upregulation was seen in MMP3, 7, Fgf7 and Tnfrsf11a (Table  4) . Downregulation was seen in BMP6 and BMP8a. Several genes were not at detectable levels in the ME tissues (Table 4) .
INNER EAR
Inner Ear Inflammatory Genes-Chronic OM leads to a pronounced upregulation of all cytokine genes in the inner ear over twofold compared to the control (Balb/c) inner ears ( Table 2 , Fig. 1 ). The greatest increase in expression was seen in MIP-2 in inner ears ipsilateral to the infected middle ears (289-fold), although the remaining cytokines showed RNA levels from four-to fifty-nine fold over controls. In the inner ears ipsilateral to uninfected middle ears, IL-1α, IL-10, MIP-2 and KC were also upregulated ( Table 2 , Fig.  1 ).
Inner Ear Ion Homeostasis Genes-Increased expression of most ion homeostasis gene families (16 genes in total) was measured ipsilateral to infected middle ears; particularly elevated were Aqp3 (279-fold) and Cldn3 (27-fold) ( Table 3 , Fig. 2) . No ion homeostasis genes were significantly downregulated in the inner ear. This suggests that the chronic middle ear disease and subsequent inner ear inflammation led to altered expression of key ion homeostasis and transport functions. Many ion homeostasis genes (10) were upregulated ipsilateral to uninfected middle ears, although to a lesser extent (Table 3, Fig 2) .
Tissue Remodeling-Downregulation of inner ear tissue remodeling genes was seen in the following families: BMP and FGF (Table 4 , Fig. 3 ). However, increased expression was seen in several genes: MMP1a, 3, 12, and FGF8. MMP3 shows the highest level of upregulation in both the infected inner and middle ear, emphasizing its role in tissue remodeling in the ear in the setting of inflammation.
Some error measurements for the infected animal group would indicate that there is a spectrum of gene expression with the animals, with error bars crossing the significant lines for up-or down-regulation (Figure 2 -Kcnq1, Scnn1α and 1β; Figure 3 -BMP3 and 8a, FGF8, MMP1a and 12), however, the majority of the significant results do remain well above or below the significance lines.
Discussion
Middle Ear
There is extensive expression of inflammatory cytokines in the chronically inflamed middle ear of the C3H/HeJ mouse. This confirms our previous findings of greater middle ear cytokine expression in the infected middle ear tissues compared to the uninfected side [25] [26] . However, the current findings demonstrate that middle ear tissues that macroscopically appear uninfected also have elevated expression of cytokine genes when compared to Balb/c controls. This suggests that a low level of inflammation may be present in the middle ear, presumably preceding the stage of immune cell proliferation and fluid accumulation. In addition, the C3H/HeJ mouse phenotype may represent a spectrum of disease, rather than an all-or-none otitis model. The division of mice into the experimental groups (infected, non-infected) may therefore, be arbitrary and may represent a limitation to interpretation of results. In addition, gene expression is dependent on the timing and progression of otitis media 1 , therefore, it is possible that the changes seen in gene expression may be temporary, and non-significant changes may have resulted from sampling at a single time point in that animal. In addition, the significance of the reported changes in gene expression, or lack thereof, and how it relates to inner ear damage are not known.
Ion homeostasis genes are well studied in the inner ear in terms of their role in hearing [27] [28] , but they are less studied as to their role in the middle ear and fluid clearance. Recent work has shown that middle ear inflammation does impact ion homeostasis gene regulation 1 in the middle ear tissues. It has also been shown that fluid clearance by the ME epithelium involves Na + -dependant absorptive process 29 and resolution of inflammation by antiinflammatory lipid mediators 30 . Thus, ion transport channels in the middle ear epithelium actively contribute to regulation and clearance of fluid due to local inflammatory process. Middle ear fluid, as seen in otitis media, is governed by more complex processes than simple Eustachian tube function/dysfunction or mucin gene expression. This parallels recent findings that gram negative bacteria also suppress similar ion transport channels in the kidney, leading to the electrolyte dysregulation that often occurs during systemic infections 31 .
In the present study, many ion homeostasis genes were down-regulated in the C3H/HeJ middle ear tissues due to chronic otitis media. However, several stand-out ion homeostasis genes were up-regulated in the infected middle ear (Cldn3, Cldn4, Gjb3, Aqp 2, Aqp3). Claudin 4 was also upregulated in the acute otitis model 2 . Interestingly, in the clear C3H middle ears, 7 genes were upregulated, pointing to their induction or activation with minimal inflammatory stimulus. It is also possible this middle ear gene induction is the result of circulating inflammatory factors in these TLR deficient mice. Undoubtedly, a finely-tuned balance of different genes and gene products exists to control ions and fluids in the middle ear cavity as well as the inner ear. This suggests down-regulation of ion transport mechanisms in the middle ear would tip the middle ear cavity fluid balance in favor of fluid accumulation. This is certainly seen frequently in the clinical setting of acute otitis media and especially in chronic otitis media with effusion.
Aquaporins were significantly affected by inflammation, exhibiting increased expression. These channels are embedded in the cell wall and regulate water flow by increasing cell membrane permeability to water. They occur extensively in the inner ear, presumably for the critical role of endolymph and perilymph water regulation 32 . It isn't clear yet if their enhanced expression during middle ear inflammation is an effort to transport more fluid into the middle ear space, or, to allow more water into the cell to reduce its accumulation in the extracellular ME space. Claudins are transmembrane proteins that form intercellular tight junctions and establish the paracellular barrier controlling flow of molecules between the cells of the epithelium. Thus up-regulation of claudins, as seen in our middle ear data, would increase epithelial barrier integrity and decrease leakage of fluids from an epithelium. This may help to preserve fluid in the middle ear as part of the inflammatory reaction. Gap junctions transport K + in the cochlear organ of Corti and lateral wall 33 , so their increased expression seen in our study would theoretically help move ions and water from the middle ear space. Na + , K + ATPases are integral membrane proteins responsible for controlling cell volume and maintaining the electrochemical gradients of Na + and K + ions across the cell membrane. Na + , K + ATPases generally were downregulated in the middle ear tissues, paralleling declines in K + and Na + channels. Tmprss3, also suppressed, is thought to be involved with regulation of the Na + channel in the inner fluids and is associated with autosomal recessive deafness 34 . Thus, downregulation of these channel proteins in the acute inflammatory setting would presumably increase extracellular fluid accumulation, prolong the inflammatory state, and lead to the more severe and chronic symptoms observed.
While we expected up-regulation of ion homeostasis genes to be most prominent as a mechanism to fight the inflammation and edema of infection, we actually saw a mixture of up-and down-regulation. Undoubtedly middle ear fluid balance is complex, perhaps with gene-gene interactions occurring to regulate ion channel gene expression. The alteration of gene expression seen both in the infected and uninfected C3H/HeJ middle ear tissues indicates a possible effect of inflammation on the middle ear tissues that may be both local and systemic. Less clear is why downregulation would occur in Na+-K+, gap junction and K + ion transport genes in this setting. Long-standing middle ear fluid dysregulation, as seen in the hearing impact of long-standing middle ear pathology (fluid, tympanosclerosis, cholesteatoma for example), merits further study.
A novel finding in the present study was alteration of tissue remodeling gene expression. This included downregulation of BMP genes and upregulation of MMP, FGF and Tnfrsf genes. The upregulation of MMP, FGF and Tnfrsf genes would support the histologic changes seen with chronic otitis media 35 . The tissue remodeling expression changes seen in this study indicate that middle ear histologic tissue changes are a dynamic interplay of connective tissue reorganization (MMP), neovascularization (MMP, FGF), and bone restructuring (BMP). Previous work with the C3H/HeJ model has shown induction of mucosal hyperplasia, scarring, fibrosis and osteoneogenesis in chronic OM 17 . The finding of gene expression changes in tissue remodeling genes in chronic OM significantly broadens the pathologic conditions that must be considered when evaluating middle ear conditions induced in chronic otitis media.
Inner Ear
Chronic OM caused the middle ear and inner ear tissues to express similar cytokine genes. These cytokines are involved in a number of functions, including prolongation of the inflammatory response. A key finding of this study is that tissues within the cochlea are capable of expressing cytokine mRNA. This could explain the cochlear inflammation and remodeling often seen with prolonged middle ear disease. Other studies also have shown that the lateral wall fibrocytes react to middle ear or systemic bacterial stimulation or infections . Interestingly, several cytokine genes were upregulated in the inner ears ipsilateral to uninfected middle ears, indicating that perhaps circulating bacterial or inflammatory factors could cause inner ear inflammation in the setting of otitis media. This parallels induction of lateral wall NF-kB activation with systemic injections of bacterial products 38 . Another significant finding is that chronic middle ear disease can impact the ion homeostatic and transport functions of the inner ear. Ultimately, changing the function of ion transport in the cochlear lateral wall may alter the balance of inner ear ions essential for hair cell function and affect sensorineural hearing at the cochlear level. Maintenance of the blood-labyrinth barrier by ion channels is essential to the homeostasis of ion concentrations in the inner ear fluids. Ion channels are the primary factors responsible for maintaining the electrical potential in the hair cells and thus hearing 15 . Such disruption of ion channel function, as seen in chronic otitis media, may relate directly to inner ear hair cell function. Indeed, increasing sensorineural hearing loss has been shown to correlate with duration of chronic OM in the C3H/HeJ mouse 17 . Many ion homeostasis genes were elevated in both the infected and uninfected inner ear tissues in the C3H/HeJ mice. Many of these channels and transporters are located in the lateral wall (stria vascularis, spiral ligament), implying these K + transport and endolymph producing mechanisms are at risk in prolonged middle ear disease. Generally the ion and water homeostatic genes showed a similar pattern of up or down regulation in the middle and inner ears. The consistent trend for up-regulation of ion homeostasis genes in the inner ear, compared to the mixture of up-and down-regulation of ion homeostasis genes in the middle ear, may be explained by the fact that the regulation of fluid composition in the inner ear spaces is essential to maintaining hearing and is thus tightly regulated to react to inflammation to protect the inner ear. Because all of the ion homeostatic genes significantly affected are located in the lateral wall of the cochlea, endolymph production and maintenance are at risk when chronic otitis media is present in the middle ear. This has been demonstrated by immunostaining of the transcription factor NF-kB in the C3H/HeJ mouse lateral wall 39 . Its activation and induction of inflammatory cytokines in the lateral wall would significantly compromise ion homeostasis of the endolymph and cause hearing loss. This may explain the sensorineural hearing loss often associated with chronic otitis media. Recognizing these inner ear mechanisms at risk may identify potential therapeutic targets to maintain hearing during otitis media.
Tissue remodeling genes regulate bone and cartilage formation and would be expected to be active in a chronic inflammatory state. As with the ion channel genes, the general pattern of remodeling gene expression was similar in the middle ear and inner ear. Previous work has shown that these genes are indeed affected by allergic fungal rhinosinusitis and otitis media in the mouse model 3, 40 . Altered expression of these genes in the inner ear in the chronic OM model has not previously been shown. In the current study, MMP and FGF genes were upregulated in the inner ear tissues, while BMP was downregulated. Upregulation of MMP and FGF genes may indicate activity of these genes which are crucial in connective tissue remodeling and tissue repair. Downregulation of BMP gene expression would indicate inhibition of new bone formation. The finding of downregulation of the BMP family of genes in the middle and inner ear in chronic otitis media may be advantageous to the function of the ear in the setting of long-standing inflammation; however, this hypothesis will require additional investigation. Chronic otitis media altered tissue remodeling gene expression in the inner ear ipsilateral to both the infected and uninfected middle ear. This lends support to both a direct (round window) and systemic (circulation) impact of OM on hearing and other inner ear functions.
Several mouse studies have helped determine the mechanisms by which the inner ear is affected by middle ear disease 41 including inner ear damage following live streptococcus delivered to the middle ear 42 , significant histologic cochlear inflammation in the C3H/HeJ mouse, and sensorineural hearing loss in both acute and chronic otitis media mouse models [17] [18] . Inner ear tissues have been shown to have the ability to respond to immune stimulation 26, 43 Changes in protein levels (ELISA) were not measured in the current study. Ideally measurement of gene expression is done by detecting the final gene product (for many genes this is the protein). However, detection of one of the precursors, typically mRNA, infers gene expression level. It is known that changes in gene expression and the ultimate product (protein expression) are influenced by many factors including posttranscriptional regulation, epigenetic regulation, protein binding and processing, etc. Thus, a limitation of the current study is the analysis of gene expression only. However, previous work with demonstration of change in cytokine protein levels in the inner ear with middle ear inflammation shows that the gene changes measured here are very likely to be correlated with actual protein expression in the inner ear 44 . In addition, the significance of the changes in gene expression, or lack thereof, and the mechanisms by which they may cause inner ear damage is not yet known.
The overall findings of the present study demonstrate extensive inner ear gene expression changes occur during chronic otitis media in the mouse. This establishes a basis for the inner ear pathology often observed in this clinical setting. As these processes are characterized, it will be possible to better define those at risk in chronic disease and establish those most critical for interventional therapies. Ion Homeostasis gene expression in inner ears of C3H/HeJ mice with inflamed or uninflamed MEs relating to Balb/c controls. Error bars are standard of the mean (SEM). Increased expression of ion homeostasis genes was seen at the highest levels with claudin 3, aquaporins 2, and 3, and gap junction Gjb3, suggesting that chronic middle ear disease leads to altered expression of ion homeostasis and transport functions in the inner ear. Tissue remodeling gene expression in inner ears of C3H/HeJ mice with inflamed or uninflamed MEs relating to Balb/c controls. Error bars are standard of the mean (SEM). Tissue remodeling genes in the inner ear tissues were shown to have altered expression in the C3H mouse compared to controls, suggesting that chronic middle ear disease leads to altered expression of tissue remodeling genes in the inner ear, in a similar pattern to that seen in the middle ear. Table 1 Key to genes studied Atp1b1, Atp1b2, Apt1a1 = Na + , K + -ATPase, Na + /K + transporting, alpha and beta 1,2 polypeptides 
